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CASE REPORT
An 81-year-old man with severe chronic obstructive pulmo-
nary disease, diabetes mellitus, colon cancer, and hypertension was
transferred from an outside facility with complaints of anemia,
anorexia, and severe back pain. The patient denied melena, chest
pain, or shortness of breath. Physical examination revealed a thin
elderly man in minimal distress who was 170 cm tall and weighed
75 kg. Vital signs showed heart rate of 75 bpm, blood pressure of
156/68 mmHg, and respiratory rate of 18 breaths per minute.
Relevant at physical examination was a palpable, slightly tender
midabdominal mass.
Laboratory values were hemoglobin, 10.3 g/dL; hematocrit,
30.2%; white blood cell count, 13,000 cells/mm; platelet count,
200,000 cells/mm; and creatinine concentration, 1.3.
Abdominal computed tomography (CT) with and without
contrast medium was performed, with 150 mL of Ultravist, ac-
cording to aortic stent-graft protocol. CT scans showed a heavily
calcified aorta with prominent concentric thickening. A prominent
break in the calcified wall was seen best on non-contrast-enhanced
CT images (Fig 1, A). Addition of intravenous contrast revealed
the focal rupture related to the break in the calcified aortic wall (Fig
1, B). The aorta was of normal caliber adjacent to the site of
rupture, and no evidence of aneurysm formation was noted. An
abdominal aortogram revealed multiple deep ulcers throughout
the infrarenal abdominal aorta, with very localized extravasation of
contrast medium (Fig 2). The patient remained hemodynamically
stable. Standard measurements of aortic neck (D1), aortic bifurca-
tion (D4), and external iliac arteries were performed. D4 was 21
mm. With a minimum aortic bifurcation diameter (D4) of 16 mm,
we have not experienced problems with graft limb competition
when deploying bifurcated stent grafts. It was therefore believed
the anatomy was favorable for bifurcated stent grafting. The pa-
tient underwent transfemoral placement of a 26  135  15-mm
bifurcated AneuRx stent graft in the operating room under general
anesthesia. A completion angiogram showed total exclusion of the
area of rupture and ulcerative plaques, with no endoleak (Fig 3).
The patient recovered fully and was discharged on the second
postoperative day. A CT angiogram obtained 6 months after the
procedure showed an intact stent graft with no endoleak or migra-
tion. Both limbs of the graft, and the external and internal iliac
arteries were patent (Fig 4, A, B). At last follow-up the patient was
well and had no symptoms or complaints regarding the procedure.
DISCUSSION
A penetrating atheromatous aortic ulcer (PAU) is de-
fined as ulceration of an atheromatous plaque that extends
through the intima and into the aortic media.1,2 Still con-
sidered rare, there is rising awareness of this lesion. Stanson
et al1 described four “potential fates” of PAU, including
intimal plaque ulceration, intramural hematoma, formation
of pseudoaneurysm, and transmural rupture. Since then,
additional cases have demonstrated regression and resolu-
tion of these ulcers, and progression to aortic dissection.3
Much of what is known of aortic ulceration comes from
published reports on the thoracic aorta. Shennan4 first
described this entity in 1934. Stanson et al1 further ex-
panded on the subject, and were the first to describe the
incidence, natural history, and surgical treatment of the
lesion. Those authors reviewed 684 thoracic aortograms,
which revealed that 16 patients (2.3%) met criteria for
presence of PAU. Although a large series, the incidence of
total aortic ulceration cannot be determined from this
study, because only the thoracic aorta was considered.
In 1994 Coady et al5 retrospectively reviewed CT
scans, magnetic resonance (MR) angiograms, angiograms,
and intraoperative findings for 198 patients originally diag-
nosed and treated for aortic dissection. At repeat review of
the images and retrospective analysis of operative findings,
15 patients (7.6%) were found to actually have PAU of the
aorta, in the ascending aorta in 2 patients and in the
descending thoracic aorta in 13 patients. Thoracic PAU
progresses to intramural hematoma, pseudoaneurysm for-
mation, and rupture more readily than either type A or type
B aortic dissection and therefore carries a more serious
prognosis. The study by Coady et al5 emphasized the
unique pathophysiology of PAU and its distinction from
aortic dissection. Surgeons should be aware of this diagno-
sis, because it carries a different prognosis and is managed
differently.
Thoracic PAU requires complete resection of the in-
volved aorta, along with the ulcerative lesion, and aortic
replacement with a tube or endovascular stent graft. Both
open repair and endovascular stent-graft repair of thoracic
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PAU have been well described.6 Incidental asymptomatic
PAU of the thoracic aorta warrants follow-up with serial
imaging and good blood pressure control. Surgical man-
agement is advised for thoracic PAU that progress to aortic
enlargement or pseudoaneurysm or that become symptom-
atic. Signs and symptoms have included back pain, chest
pain, upper gastrointestinal tract bleeding, hemothorax,
pleural effusion, distal embolization, and rupture.1,7,8
Penetrating atheromatous ulceration of the infrarenal
abdominal aorta in contradistinction to the thoracic aorta,
is far less commonly reported. Harris et al9 published the
largest series to date, with 29 penetrating ulcers in 18
patients. The most common site was the distal descending
thoracic aorta (31%), followed by the infrarenal aorta
(25%), mid–descending aorta (17%), proximal aorta (14%),
suprarenal aorta (10%), and aortic arch (3%).
The complications of infrarenal abdominal aortic PAU
are similar to those of thoracic PAU. In addition, there has
been one reported case of an infected mycotic aneurysm
associated with abdominal aortic PAU.10 Of note, both the
rarity of this situation, and absence of any clinical signs of
infection, made this highly unlikely in our patient. The
Fig 1. A, Non–contrast-enhanced CT scan of the abdomen shows a break in the heavily calcified aortic wall at the point
of rupture. B, Contrast-enhanced CT scan of the abdomen shows extravasation of contrast material and contained
rupture.
Fig 2. Preoperative aortogram shows diffuse ulcerative disease of
the infrarenal abdominal aorta with free rupture.
Fig 3. Completion angiogram after placement of aortic stent
graft.
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study by Harris et al9 was the first to report distal emboli-
zation associated with infrarenal PAU. In 1999 Reber et al8
described 8 patients in whom distal arterial embolic isch-
emia developed as a result of a proximal thrombus overlying
an ulcerative lesion. Four patients had abdominal aortic
PAU, 3 had descending thoracic PAU, and 1 patient had
ulcerative disease of the ascending aorta. In 2001 Farooq et
al11 reported blue toe syndrome arising from an infrarenal
aneurysmal PAU. The patient underwent open repair with
a synthetic graft.
We have found 10 other reports describing spontane-
ous rupture of a nonaneurysmal infrarenal aorta believed
attributable to PAU (Table). In 1997 Goldstein et al12
provided a thorough overview of reported cases to date.
Treatment in all patients was open repair with synthetic
graft placement. There was a significant male predomi-
nance, and in 77% of patients the PAU was located at or
near the origin of the inferior mesenteric artery. The reason
for this is unknown. Most patients were middle-aged men
with hypertension, other risk factors for atherosclerotic
disease, including coronary artery disease and diabetes mel-
litus. Hypertension and presence of a heavily calcified aorta
are the two most common risk factors for infrarenal aortic
PAU. This is consistent with data presented for PAU
throughout the aorta.
The clinical presentation of nonaneurysmal aortic rup-
ture in the setting of PAU can vary, and may include
abdominal pain, back pain, flank pain, and hypotension. In
the case reported by Goldstein et al,12 an elderly man with
the above risk factors was initially dismissed in the emer-
gency department and discharged with a diagnosis of mus-
culoskeletal back pain. He returned with recurrent back
pain and syncope, and was found to have a contained
rupture of the infrarenal aorta. In patients with the associ-
ated risk factors who are in the appropriate age range and
who have a history of persistent back pain in which work-up
has yielded equivocal findings, the diagnosis of PAU of the
infrarenal aorta must be entertained, and appropriate imag-
ing must be performed to make the diagnosis.
Although controversial, CT and angiography are the
imaging methods of choice in preoperative evaluation.13,14
Advocates of CT argue that the displaced intimal calcifica-
tion that is the hallmark of PAU is best seen on axial CT
scans rather than MR images.14 The relative lack of data,
and absence of MR imaging capability in the emergency
room, makes CT the primary imaging method for making
the diagnosis of penetrating atheromatous aortic ulcer. CT
is also cost-effective and convenient for follow-up in pa-
tients with asymptomatic PAU. Angiograms and MR an-
Fig 4. A, Follow-up CT angiogram 6 months postoperatively shows proximal stent graft. B, Six-month postoperative
CT angiogram shows bifurcated limbs.
Case reports of spontaneous rupture of nonaneurysmal







Lagaay (1974) 4 4 HTN, CAD
Cornud et al (1980) 1 1 CAD
Barbie et al (1983) 1 0 Not reported
Ashcraft et al (1984) 1 0 HTN, DM, PVD
Nora and Hollier (1987) 1 1 HTN, smoking
Goldstein et al. (1997) 1 1 HTN, DM, CAD
Toda et al (1998) 1 1 HTN
Present case 1 1 HTN, COPD
HTN, Hypertension; CAD, coronary artery disease; DM, diabetes mellitus;
PVD, peripheral vascular disease; COPD, chronic obstructive pulmonary
disease.
JOURNAL OF VASCULAR SURGERY
October 2003838 Vasquez et al
giograms should be obtained in equivocal cases or if needed
in preparation for open or endovascular repair.
CONCLUSION
Atraumatic, noninfectious rupture of a nondilated in-
frarenal aorta due to PAU is rare. We present the eleventh
such case, and the first case in which stent-graft technology
was used to repair the defect. Experience with PAU of the
thoracic aorta and its natural history suggests that fol-
low-up of asymptomatic PAU with serial CT or MR an-
giography is warranted.
We obtain CT scans every 6 months in our patients
with asymptomatic PAU, and MR angiograms if we believe
they will provide better resolution. Operative intervention
is indicated if symptoms develop or when there is radio-
graphic evidence of disease progression, such as increase in
size. Any size increase in considered significant, inasmuch
as specific size criteria do not exist in the literature. In our
patients who are being followed up we have yet to see PAU
heal or regress. However, serial imaging in several patients
with no symptoms has demonstrated no progression of
disease.
Until now, repair of the aorta in these situations has
consisted of open surgical repair with dacron graft. Second-
ary to our patient’s comorbid conditions and previous
abdominal surgery, we believed he was a candidate for stent
graft repair. Our options were to use a bifurcated stent graft
versus an aortouniiliac stent graft. Standard stent- graft
measurements were performed according to the AneuRx
protocol. The aortic neck, aortic bifurcation, and both
external iliac arteries were amenable to placement of a
bifurcated stent graft. We prefer the bifurcated stent graft
when possible, to better buttress the graft within the iliac
system, which may aid in preventing distal migration.
Moreover, the addition of a femorofemoral bypass graft
needed with the aortouniiliac design is averted. We have
not had any difficulties with regard to competing endograft
limbs in aortic bifurcations equal to or greater than 16 mm.
Admittedly, competing endograft limbs placed within a
nonaneurysmal aortic bifurcation may lead to competitive
flow, with subsequent limb occlusion. Careful preoperative
sizing and consultation with the interventional radiologist
and graft manufacturer will aid in preventing this occur-
rence. Certainly, if there is likelihood of graft limb occlu-
sion, the aortouniiliac stent graft is the preferred alterna-
tive.
We advocate adding endovascular stent-graft place-
ment to the methods used to treat nonaneurysmal rupture
of the abdominal aorta. Clinical trials are needed to confirm
the efficacy and long-term results of this approach to treat-
ing this disease process.
REFERENCES
1. Stanson AW, Kazmier FJ, Hollier LH, Edwards WD, Pairolero PC,
Sheedy PF, et al. Penetrating atherosclerotic ulcers of the thoracic aorta:
natural history and clinicopathologic correlations. Ann Vasc Surg 1986;
1:15-23.
2. Cooke JP, Kazmier FJ, Orszulak TA. The penetrating aortic ulcer:
pathologic manifestations, diagnosis, and management. Mayo Clin Proc
1988;63:718-25.
3. Tittle SL, Lynch RJ, Cole PE, Singh HS, Rizzo JA, Kopf GS, et al.
Midterm follow-up of penetrating ulcer and intramural hematoma of
the aorta. J Thorac Cardiovasc Surg 2002;123:1051-9.
4. Shennan T. Dissecting aneurysms. Medical Research Council, Special
Report Series; 1934. No. 193.
5. Coady MA, Rizzo JA, Hammond GL, Pierce JG, Kopf GS, Elefteriades
JA. Penetrating ulcer of the thoracic aorta: what is it? How do we
recognize it? How do we manage it? J Vasc Surg 1998;27:1006-6.
6. Brittenden J, McBride K, McInnes G, Gillespie IN, Bradbury AW. The
use of endovascular stents in the treatment of penetrating ulcers of the
thoracic aorta. J Vasc Surg 1999;30:946-9.
7. Mundi JL, Palacios Perez A, Lavin Castejon I, Lopez Caballero JJ.
Penetrating aortic ulcer: an unreported cause of massive digestive hem-
orrhage. Med Clin (Barc) 2000;114:37.
8. Reber PU, Patel AG, Stauffer E, Muller MF, Do DD, Kniemeyer HW.
Mural aortic thrombi: an important cause of peripheral embolization. J
Vasc Surg 1999;30:1084-9.
9. Harris JA, Bis KG, Glover JL, Bendick PJ, Shetty A, Brown OW.
Penetrating atherosclerotic ulcers of the aorta. J Vasc Surg 1994;19:
90-9.
10. Moriyama Y, Toda R, Iwamura H, Kawashima S, Shimokawa S, Toyo-
hira H, et al. Infected atherosclerotic ulcer of the abdominal aorta as a
cause of mycotic aneurysm treated by in situ prosthetic graft reconstruc-
tion: report of a case. Surg Today 1998;28:325-7.
11. Farooq MM, Kling K, Yamini D, Gelabert HA, Baker JD, Freischlag JA.
Penetrating ulceration of the infrarenal aorta: case reports of an embolic
and an asymptomatic lesion. Ann Vasc Surg 2001;15:255-9.
12. Goldstein DJ, Flores RM, Todd GJ. Rupture of a nonaneurysmal
atherosclerotic infrarenal aorta. J Vasc Surg 1997;26:700-3.
13. Eggebrecht H, Baumgart D, Herold U, Jakob H, Erbel R. Multiple
penetrating atherosclerotic ulcers of the abdominal aorta: treatment by
endovascular stent graft placement. Heart 2001;85:52.
14. Ledbetter S, Stuk JL, Kaufman JA. Helical (spiral) CT in the evaluation
of emergent thoracic aortic syndromes. Traumatic aortic rupture, aortic
aneurysm, aortic dissection, intramural hematoma, and penetrating
atherosclerotic ulcer. Radiol Clin North Am 1999;37:575-89.
Submitted Nov 22, 2002; accepted Apr 1, 2003.
JOURNAL OF VASCULAR SURGERY
Volume 38, Number 4 Vasquez et al 839
